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(54) Title: A SEPARATION DEVICE 

(57) Abstract 

In a separation device for separating particles from 
a liquid, which is present in a container (1), a centrifugal 
rotor (7) is rotatable around a vertical rotational axis (R). 
The centrifugal rotor (7) has a tubular inlet member (8), 
which extends down into liquid to be treated and which upon 
rotation of the centrifugal rotor forms a pumping member 
adapted to pump liquid upwardly and into the centrifugal 
rotor. According to the invention the rotatable inlet member 
(8) is surrounded by a non-rotatable wall (12), a sealing 
device being adapted to seal between the rotatable inlet 
member (8) and the non-rotatable wall (12). Thereby is 
avoided that liquid is pumped upwardly on the outside of 
the inlet member. Furthermore, a smallest possible part of 
the outside of the inlet member (8) can be in contact with 
liquid, independent of the level of the liquid surface in the 
container (1). 
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A separation fcyfo* 

The present invention relates to a separation device for cleaning of a 
liquid from solid or liquid particles suspended therein and being lighter 
5 and/or heavier than the liquid, the separation device including a centri- 
fugal rotor adapted to rotate around a vertical rotational axis, a driving 
device adapted for rotation of the centrifugal rotor around said rotational 
axis and a tubular inlet member which is connected with the centrifugal 
rotor and adapted to extend downwards from the centrifugal rotor and into 
10 a body of said liquid which is to be pumped by means of the inlet member 
into the centrifugal rotor. 

A separation device of this kind is known for instance through US 1,927, 
822, US 3,424,375 or EP 0 047 677 A2. The separation device can be 
1 5 applied directly onto a container containing the liquid to be cleaned. 

Often it is not possible to keep the liquid surface in a container for liquid to 
be cleaned constantly at a predetermined level. Upon use of a separation 
device of the above said previously known kind the tubular inlet member, 
20 in a case like this, will be more or less immersed in the liquid. Since the 
inlet member has to reach down under the liquid surface, when this is at a 
relatively low level, this means that an undesired large part of the inlet 
member will be immersed in the liquid when the liquid surface is at a 
relatively high level. 

25 

One reason why the rotating inlet member should not be immersed more 
than necessary in the liquid to be cleaned is that this causes rotation of 
the liquid in the container. This reduces the pumping effect of the inlet 
member and causes undesired splitting of particles, which later are to be 
30 separated from the liquid in the centrifugal separator. Another reason is 
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that unnecessarily much energy is required for the operation of the 
centrifugal rotor. 

The purpose of the present invention is to avoid the described problem 
5 appearing in connection with a separation device of the initially defined 
kind. 

This object can be achieved according to the invention by means of a 
non-rotatable wall, which is adapted to surround in said liquid body at 
10 least part of the rotatable inlet member and a sealing device adapted to 
seal between the non-rotatable wall and the rotatable inlet member. 

By the invention it is possible to minimise the surface of the rotatable inlet 
member being in contact with the liquid to be cleaned, irrespective of at 
15 which level the liquid surface is present. Thereby, rotation is minimised of 
the liquid which is present in the container and which is to be pumped up- 
wardly through the inlet member. Furthermore, by the invention it is avoi- 
ded that liquid is pumped upwardly on the outside of the inlet member as 
a consequence of the rotation of the latter. 

20 

The sealing device may have any suitable construction. For instance, an 
annular so called lip gasket of rubber or some elastic material may be 
supported by the non-rotatable wall and surround the inlet member and 
seal radially against the outside thereof. Alternatively; a similar annular lip 
25 gasket may be carried by the rotatable inlet member, so that by means of 
centrifugal force it can be kept pressed radially outwardly against the sur- 
rounding non-rotatable wall. 

In a preferred embodiment of the invention the sealing device includes an 
30 annular axially movable sealing member and means adapted to accomp 



WO 00/59640 



PCT/SEOO/00552 



3 

lish an axial sealing force between the non-rotatable wall or non-rotatable 
members connected therewith and the rotatable inlet member. The sea- 
ling member may be rotatable together with the inlet member, but pre- 
ferably it is non-rotatable and adapted to be pressed axially against a 
5 sealing surface, preferably an end surface, of the rotatable inlet member. 

For obtainment of the best possible preconditions, as to function, for the 
sealing device, if the centrifugal rotor is suspended from a flexible sus- 
pension device, the non-rotatable wall is suspended from the same flex- 
10 ible suspension device. In this way relative pendulum movements bet- 
ween the rotatable inlet member and the non-rotatable wall are avoided 
during operation of the centrifugal rotor. 

The invention is described in the following with reference to the 
15 accompanying drawing, in which 

Figure 1 shows a separation device according to the invention and a 
container containing liquid to be cleaned by means of the separation 
device, 

Figure 2 shows part of the separation device in figure 1 on an enlarged 
scale and 

Figures 3-5 show sections A-A and B-B and a view C-C, respectively, 
25 taken along corresponding lines in figure 2. 

Figure 1 shows a container 1 having an inlet 2 for liquid to be cleaned and 
an outlet 3 for liquid having been cleaned from particles suspended there- 
in. In the container ! there is a liquid body 4, in which some relatively light 
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particles have accumulated in a surface layer and some relatively heavy 
particles have accumulated in a bottom layer. 

The container 1 has an upper wall 5 having an opening 6. On the wall 5 
5 there is mounted a separation device according to the invention, which 
extends down into the container. The separation device includes a centri- 
fugal rotor 7, an inlet member 8 connected with the centrifugal rotor and a 
motor 9 for rotation of the centrifugal rotor 7 and the inlet member 8 
around a vertical rotational axis R. 

10 

The inlet member 8, which is tubular and slightly conical, is connected 
with the centrifugal rotor by means of a lock ring 10 and extends down- 
wards in the container 1, so that it is immersed in the liquid body 4. Both 
the centrifugal rotor 7 and the inlet member 8 are surrounded by a statio- 
1 5 nary casing 1 1 , which also extends downwards in the container 1 , so that 
it is immersed in the iiquid body 4 around the inlet member 8. 

The whole separation device, including the casing 11, is suspended flex- 
ibly in a suspension device 1 1a on the upper side of the container wall 5. 
20 Thus, if the centrifugal rotor 7 and its inlet member 8 vibrate or performs 
small pendulum movements during operation, also the casing 1 1 will 
move in the same way. 

Closest to the inlet member 8 the casing 1 1 forms a cylindrical. surroun- 
25 ding wall 12, which extends from the liquid free part of the container 1 
down into the liquid body 4. At its lower part the surrounding wall 12 car- 
ries a sealing device 13 adapted to accomplish sealing between the sta- 
tionary surrounding wall 12 and the rotatable inlet member 8. 
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As best seen in figure 2, the sealing device 13 includes an axially 
movable sleeve formed sealing member 14. Through an upper part 14a 
the sealing member 14 abuts sealingly around its circumference against 
the inside of the surrounding cylindrical wall 12. By means of a screw 
5 spring 15, which rests on an annular flange ,16 connected with the sur- 
rounding wall 12, the sealing member 14 is pressed axially upwardly with 
reference to figure 2. Thereby, a lower part 14b of the sealing member 14 
is kept pressed axially against another sealing member 17, which is con- 
nected with the lowermost part of the rotatable inlet member 8. The sea- 
10 ling members 14 and 1 7 thus abut against each other through respective 
axially directed sealing surfaces. 

Said lower part 14b of the sealing member 14 has a central through 
opening, which is bridged by a wing 18 intended to impede rotation of 
15 liquid present in the container 1 below the separation device. The exten- 
sion of the wing 18 is also shown in figure 5. 

Figure 3 shows a section through the inlet member 8 along a line A-A in 
figure 2. As can be seen, the inlet member has three internal wings 19, 
20 which extend both radially and axially through the whole of the inlet mem- 
ber 8 up to the centrifugal rotor 7 ( see figure 1 ). The wings 1 9 are adap- 
ted to entrain liquid in the rotation of the inlet member during operation of 
the separation device. 

25 Figure 4 shows a section through the casing 1 1 along the line B-B in 
figure 2. On its outside the casing has wings 20, which extend both 
radially and axially and which have for its purpose to counteract rotation 
of liquid in the container 1 . 
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As can be seen from figures 1 and 2, there is delimited in the casing 1 1 a 
space 21, which through three channels 22 communicates with the 
interior of the container 1 below the separation device. 

5 The centrifugal rotor 7 is not described in detail in the following, since it 
can be substituted with any suitable centrifugal rotor of a known kind 
having a different construction. For a description in detail of a suitable 
centrifugal rotor reference is made to for instance EP 312 233 B1 , EP 312 
279 B1, WO 96/33021 and WO 96/33022. 

10 

In the area of the connection between the inlet member 8 and the centri- 
fugal rotor 7 there is delimited in the latter an inlet chamber 23. Via an 
inlet channel 24 the inlet chamber 23 communicates with a separation 
chamber 25. The centrifugal rotor 7 has an outlet 26 for a separated rela- 
15 tively light liquid and an outlet 27 for a separated relatively heavy liquid. 

The surrounding casing 1 1 has a receiving chamber 28 and an outlet 29 
therefrom for separated light liquid leaving the centrifugal rotor. Further- 
more, the casing 1 1 has a receiving chamber 30 for separated heavy 
20 liquid leaving the centrifugal rotor. The receiving chamber 30 commu- 
nicates with the aforementioned space 21 in the casing 1 1 . 

The above described separation device operates in the following manner 
upon cleaning of a liquid containing both liquid particles lighter than the 
25 liquid and solid particles heavier than the liquid. 

When the motor 9 is started for driving the centrifugal rotor 7 and the inlet 
member 8 connected therewith around the rotational axis R, the inlet 
member 8 will operate as a pumping member, by means of which the 
30 liquid is pumped from the liquid body 4 into the centrifugal rotor. Within 
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the inlet member 8 a substantially cylindrical liquid surface will be formed, 
as illustrated in the figures 1 and 2, which extends all the way from the 
lower part of the inlet member to the inlet chamber 23 of the centrifugal 
rotor. In the liquid body thus formed in the inlet member 8 and being 
5 entrained in the rotation thereof by the wings 1 9 (see figure 3) liquid will 
flow axially upwardly, as illustrated by means of arrows in the figures 1 
and 2. Centrally in the inlet member 8 there is left an air filled space, 
which if desired may communicate with air surrounding the inlet member 
8. For this purpose the inlet member 8 may carry a thin tube extending 
1 0 from the centre of the inlet member radially outwardly to the outside of the 
inlet member. A pipe of this kind is indicated by dotted lines in figure 1 at 
the upper part of the inlet member 8. 

Liquid entering the inlet chamber 23 of the centrifugal rotor 7 through the 
15 inlet member 8 is conducted therefrom through the inlet channel 24 into 
the separation chamber 25. In this there is arranged a set of conical sepa- 
ration discs, which between themselves form thin separation spaces. In 
the separation spaces those particles of different kinds, which are sus- 
pended in the liquid, are separated due to the light liquid particles being 
20 forced by the centrifugal force to move towards the rotational axis of the 
centrifugal rotor and, after having coalesced to a continuous phase, 
further out through the outlet 26, while the heavy solid particles are forced 
to move towards the radially outermost part of the separation chamber 
25, where they deposit on the surrounding wall of the centrifugal rotor. 
25 The cleaned liquid first flows in a direction from the rotational axis of the 
centrifugal rotor out of said separation spaces and after that through one 
or more collection channels again towards to rotational axis to the centri- 
fugal rotor outlet 27 for separated relatively heavy liquid. 
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Whereas separated relatively light liquid is conducted through the outlet 
29 in the casing 1 1 to a particular recipient, the cleaned liquid is conduc- 
ted from the outlet 27 back to the liquid body 4 in the container 1 . Thus, 
the cleaned liquid is conducted through the receiving chamber 30 to the 
5 space 21 in the casing 1 1 and from there through the channel 22 out into 
the liquid body 4. 

If the amount of light liquid separated from the heavier liquid is small, 
there is returned to the liquid body 4 a flow of liquid that is substantially of 
10 the same magnitude as that which is pumped therefrom into the centri- 
fugal rotor 7. A certain difference as to level will come up between the 
liquid surfaces in the space 21 and the surrounding container 1 , respec- 
tively, as illustrated in the figures 1 and 2. 

15 The stationary wall 12, which surrounds the inlet member 8 and supports 
a part of the sealing device 13, need not necessarily be carried by the 
casing 11. The wall 12 alternatively may be carried by the container 1. 
However, the arrangement shown in the drawing is advantageous for the 
function of the sealing device 13. Thus, it is an advantage that both of the 

20 co-operating sealing members 14 and 17 are carried by one and the 
same suspension device. Since a suspension device for the rotatable 
centrifugal rotor 7 should be flexible, and the rotatable part of the sealing 
device 13 thereby becomes flexibly suspended, also the non rotatable 
part of the sealing device should, thus, be flexibly suspended. 

25 

As indicated above a separation device according to the invention may be 
used for cleaning of a liquid independent of whether the liquid is to be 
cleaned from particles heavier than the liquid or particles lighter than the 
liquid. Of course, the construction of the centrifugal rotor then has to be 
30 adapted to the separation duty in question. It is also possible that the 
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particles - solid or liquid - to be separated from a liquid are more 
valuable than the liquid itself and that, thus, the separating operation 
could not really be named a liquid cleaning operation. Furthermore, it i; 
no pre-requisite for the invention that the liquid having been freed from 
5 particles should be returned to the container 1 . 
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Claim? 

1 . A separation device including 

5 - a centrifugal rotor (7) adapted to rotate around a vertical rotational 
axis (7), 

a driving device (9) adapted for rotation of the centrifugal rotor (7) 
around said rotational axis (R), and 

10 

a tubular inlet member (8), which is connected with the centrifugal 
rotor (7) and adapted to extend downwards from the centrifugal rotor 
and into a liquid body (4) of liquid, which is to be pumped by means 
of the inlet member (8) into the centrifugal rotor (7), 

15 

characterised by 

a non-rotatable wall (12), which is adapted to surround in said liquid 
body (4) at least part of the rotatable inlet member (8), and 

20 

a sealing device (1 3) adapted to seal between the non-rotatable wall 
(12) and the rotatable inlet member (8). 

2. A separation device according to claim 1 , in which the centrifugal rotor 
25 (7) is suspended from a flexible suspension device (1 1 a) and the non- 
rotatable wall (12) is suspended from the same flexible suspension device 
(11a) for avoiding relative pendulum movements between the rotatable 
inlet member (8) and the non-rotatable wall (12) during operation of the 
centrifugal rotor (7). 
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3. A separation device according to claim 1 or 2, in which the sealing 
device (13) includes an annular axially movable sealing member (14) and 
means (15) adapted to accomplish an axial sealing force between the 
non-rotatable wall (1 2) or non-rotatable members connected therewith 

5 and the rotatable inlet member (8). 

4. A separation device according to claim 3, in which the annular sealing 
member (14) is non-rotatable and adapted to be pressed axially against a 
sealing surface on the rotatable inlet member (8). 



5. A separation device according to claim 4, in which an end surface of 
the rotatable inlet member (8) forms said sealing surface. 



WO 00/59640 



1/2 



PCT/SE00/00552 




Fig. 1 
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